Environmental life cycle assessment (LCA) was developed as a tool for sustainable, decisionsupporting environmental management. Applying agricultural sector-LCA in order to achieve both internal (comparative) and external (efficiency enhancing) benefits is a priority. Since the life-cycle assessment of products and processes attracts great interest, applying the method in agriculture is relevant. Our study undertakes a comparative environmental life-cycle assessment (LCA) of local arable crop production technologies used for the main cultivated plants: maize, sunflower, lucerne, cereals, and canola (environmental data in the territorial approach calculated on a 1 ha unit and in the quantitative approach calculated on 1 t of produce). We prepared an environmental inventory of the arable crop production technologies, constructed the life-cycle models, and executed the impact assessment. We also compiled an environmental ranking of technologies. In the impact interpretation, we compared the results with the values of short rotation energy plantations in each impact category. We analysed carbon footprints closely. The obtained results help better assess environmental impacts, climate risks, and climate change as they pertain to arable crop production technologies, which advances the selection of appropriate technologies adjusted to environmental sensitivities.
(2018) emphasizes the importance of long-term and supply chain-sensitive decision making, which prioritises technical aspects and is integrated into the wider system at both local and national levels. The life-cycle assessment method can be applied to environmental impact evaluations. This method provides accurate estimations for the emissions and energy balance of all biomass-producing and biomass-consuming methods (Heller et al. 2003) . Hayashi et al. (2007) examined the schematic processes of agricultural production systems in the life-cycle approach. In addition to the environmental impacts of the primary processes, the study emphasised the need to identify background processes as well.
In our study, we have undertaken the comparative environmental life-cycle assessment (LCA) of the local arable crop production technologies used for the main cultivated plants (maize, sunflower, lucerne, cereals, and canola) , taking environmental data into account in the territorial approach calculated on 1 ha unit and in the quantitative approach calculated on 1 t of produce.
Our research questions are as follows: What are the main environmental impacts of the cultivation technologies applied in the studied agricultural land uses? How does the environmental ranking of cultivation technologies evolve? To what extent do they contribute to the climate change? What is the expected carbon footprint of cultivation technology (in the territorial approach: 1 ha; and in the quantitative approach: 1 t)? How do these technologies relate to other biomass producing systems? Polgár et al. (2018) forms the basis of comparison between cultivation technologies and other biomass producing systems. The study conducted a comparative environmental life cycle assessment for harvesting technologies of short rotation energy plantations (technology related to stands of 3 ha of poplar, 5-10 ha of willow, 20 ha of willow), specifically for the third year harvesting work system.
MATERIALS AND METHODS
The methodology applied for completing LCA corresponds to the requirements of ISO 14040: 2006 and ISO 14044: 2006 standards. The analysis was completed using GaBi 6.0 Professional (GaBi Thinkstep 2018) software. The required steps of LCA were the following: 1. Definition of goal and system boundaries. 2. Life cycle inventory analysis. 3. Impact assessment. 4. Impact interpretation (ISO 2006a , ISO 2006b .
Goal: The goal of the comparative LCA is to answer the preceding research questions in relation to the arable crop production technologies by applying the assessment methodology.
System boundaries: The examined life-cycle stages were determined by the specific technologies and the operational steps associated with them. The common field operations are: soil preparation -application -sowing -pesticide application -harvest -product transportstorage. In addition to the processes above, we also considered the background processes of fuel and lubricant oil production when calculating environmental impacts. The transport distance was uniformly considered as 10 tkm. A distance of 5 km of road travel in each direction was calculated for additional service transport.
Detailed processes and operational steps included in the main cultivated plants:
• Cereals (forecrop: sunflower): stubble cleaning by gruber -subsoil looseningfertiliser application -seedbed preparation -sowing -top dressing -pesticide application -top-dressing -pesticide application -spica protection -harvestproduct transport -storage • Maize (forecrop: winter wheat): stubble cleaning by gruber -autumn deep ploughing -spring ploughing work -seedbed preparation -sowing + fertiliser applicationpesticide application -row tillage -harvest -product transport -storage
• Sunflower (forecrop: winter wheat): stubble cleaning by gruber -autumn deep ploughing -spring ploughing work -fertiliser application -seedbed preparation -Sowing -pesticide application -row tillage -pesticide application -desiccationharvest -product transport -storage • Lucerne (forecrop: cereals): stubble cleaning by gruber -subsoil loosening -fertiliser application -seedbed preparation -rolling -sowing -fertiliser application -mowing -rotation -rotation -windrowing -baling -transport -storage -mowing -rotation -rotation -windrowing -baling -transport • Canola (forecrop: cereals): stubble cleaning by gruber -subsoil loosening -fertiliser application -seedbed preparation -rolling -sowing -rolling -spraying -sprayingspraying -fertiliser application -spraying -spraying -spraying -spraying -harvest -transport
Our research did not cover the various processes associated with the grain drying life cycle stage. The reasons we did not analyse this in our work are many. On one hand, this stage belongs to a different economic partner, which made it difficult to discover the relevant data. On the other hand, our original goal was to detect the environmental impacts in connection to local agricultural land use only. If we had also studied grain drying, we would have been unable to make a comparison with other alternative local agricultural land use (in our case the short rotation energy plantations) because the system boundaries would have differed greatly.
Life cycle inventory analysis: The environmental inventory data of arable crop production technologies were collected according to the cultivated plants studied. We established the environmental inventory database (input-output, elementary flow) for the operational steps of technologies.
Functional unit: basically, the environmental data reference was applied to 1 ha of the cultivated area according to the territorial approach. Whereas with a view to a more nuanced presentation, the reference unit was 1 t of produce according to the quantitative approach. The reference flows related to specific cultivated plants are shown in detail in the inventory database of the territorial approach (Table 1) .
With environmental inventory data, we considered the common period of process steps (for annual cultivated plants: 1 year) as a reference period. With the operational steps of the common three-year operational period of lucerne as a multi-annual crop, the whole period values of repetitive operations were divided into three parts to allow a comparison with annual plants.
The reference period for the data: 2016. The geographical validity of the data is national, specific to the area of Pápa.
The area of Pápa belongs to the Pápa-Devecseri Plateau (Pápa-Devecser sík), which is located between Bakony and Marcal valley. Brown forest soils are charasteristic in the area (luvisols (36%); brown earth (21%); chernozem brown forest soil (13%). Meadow soils are typical in the floodplains. Most of the surface is covered by loess-muddy-sandy river water and slope deposits. Sand and pebble Pliocene material appears on the surface in many places. The northern region of this area is moderately warm and dry while the southern region is moderately wet (Dövényi 2010) . Precipitation in the reference period was higher than average: 645 mm for the all whole year and 325 mm during the vegetation period. The average annual hours of sunshine is approximately 1950 hours. According to the Meteorological Database of US-FF-IEES (2016), the average temperature was 11.2°C in 2016. Temperatures averaged 17.6°C during the vegetation period. The aridity index is between 1.14 and 1.18. Days with snow cover numbered 40. The dominant wind direction is north. The arable crop production economic area was 140 ha (Figure 1 ). This type of climate is favourable for cereals, maize, sunflower and red clover. The data sources stem from our own data (chemicals used: agri-business management log; fuel used: fuel bills), expert estimations (yields of crops), and published data (manuals). According to Gockler (2014), we also used average data, which were occasionally erroneous; however, their use is essential for the analysis.
In the absence of available information, the following are not included in the analysis: the environmental parameters in the machine and tool production needed for the technologies, and the impacts of road building and land use changes.
Based on the above, we constructed the software model for the life-cycle of the examined technologies.
Impact assessment: According to the standard, we first assigned the inventory results to impact categories according to the aim and frames of the LCA study. A wide range of impact evaluation methods exist. In our study, we applied the most widespread approach of the CML 2001 (January 2016) impact assessment method. This method is advantageous because it is specifically appropriate for representing carbon footprint (Simon 2012). We ranked the technologies based on the increasing values of their environmental impact.
As an impact assessment step recommended by the standard, we completed the normalisation to Central Europe with GaBi software according to the CML2001, Experts IKP (Central Europe) method in order to represent the overall environmental impact.
We also examined the CO 2 equiv. emission profiles of the related process step in order to analyse the operational contribution to the total technological carbon footprints of the specific cultivated plants according to field operation inventory results, product transport, and additional service transport.
Impact interpretation: In the last phase of the LCA, we verified the inventory analysis and impact assessment results; furthermore, we established our conclusions.
The results were examined according to both the territorial (1 ha) and the quantitative (1 t) approach. The cultivated plant values were compared to similar LCA results of other (wood) biomass producing agricultural land use technologies; namely, the observations in the 3rd year cutting age of the different (plantation size determined) harvest technologies in shortrotation energy plantations. Energy plantations provide a good opportunity for comparison because they grow extremely well on poor-quality land. Polgár et al. (2018) carried out their fieldwork in short rotation hybrid poplar and willow energy plantations in Hungary planted in single or twin rows. They separated the harvesting work systems based on the categories of the area, which are the following: large (above 20 ha), medium (5 to 10 ha) and small (below 3 ha). The plantations are harvested 3 to 5 times through a return period of 3 to 5 years depending on site conditions and tree species. The study utilized the life cycle assessment to determine the common resulting environmental impacts of the harvesting work system at the 3-year cutting age. The study also analysed the most ideal conditions of mechanisation (Polgár et al. 2018) .
RESULTS
In the life-cycle inventory analysis, we defined the process specific input-output data, i.e. the elementary flows. We have summarized both the input and output data. Environmental inventory data expressed per 1 ha in the territorial approach are displayed in tabular form ( Table 1) . The use of fuel and lubricating oil (to operate the machines), fertiliser (urea, limeammon-saltpetre, NPK, P, K), pesticides (herbicides, fungicides, insecticides, regulators), and water were significant on the input side in operations systems, while on the output side, the CO 2 equiv. emission and waste sump oil (recycled) were significant.
For comparison, according to Polgár et al. (2018) , fuel and lubricating oil consumption were significant environmental factors in harvesting work systems on the input side per 1 ha of short rotation energy plantations during winter in third-year stands in 2015-2016 (on 100 m 3 of standing wood for harvesting). On the output side, the emission of CO 2 equiv. and waste sump oil (recycled) turned out to be significant. Timber is exclusively utilized for wood chips in the study. The study considered the CO 2 equiv. emissions from fuel, firewood, and slash burning. The amount of CO 2 equiv. emissions from firewood and slash burning is nearly three times higher than the amount of CO 2 equiv. emission from fuel.
The machines applied in arable crop production were mostly similar. Observable differences occurred in usage intensity of some crops (e. g. difference in soil preparation according to previous cropping).
In the following, we answer our research question through our obtained results. Question: What are the main environmental impacts of the cultivation technologies applied in the studied agricultural land uses? How does the environmental ranking of these technologies evolve?
The following results were based on CML2001 (Jan. 2016) environmental life cycle impact assessment of work systems ( Table 2) . Arable crop production technologies had the greatest impact on marine aquatic ecotoxicity pot. (MAETP) and abiotic depletion pot. ADP fossil had the second greatest impact. Technology impact on global warming (GWP 100) ranked third. Fuel and lube inputs and the environmental impact of fuel and lube production explains this. Due to the nature of the technologies, the impact categories of acidification pot. (AP), eutrophication pot. (EP), freshwater aquatic ecotoxicity pot. (FAETP inf.), photochemical ozone creation pot. (POCP) and terrestric ecotoxicity pot. (TETP inf.) were significant. The life cycle share of the technologies can be considered nearly equal (15-21%). We can establish the following increasing environmental ranking: maize (15%) -sunflower (19%) -lucerne (20%) -cereals (21%) -canola (25%).
In the total environmental impact calculation, the results of all impact categories can be demonstrated simultaneously in one dimensionless indicator per cultivated plant. We normalised the values we obtained in the compulsory impact assessment step for Central Europe (through the CML2001, Experts IKP method (Central Europe)) ( Figure 2) .
Figure 2. Total environmental impacts of the arable crop production technologies (by the method of CML2001, Experts IKP (Central Europe)) in the territorial approach (1 ha)
Through this, the previous environmental ranking of the contribution of specific cultivated plants was also confirmed as regards the total environmental impact: 'maize (1.02E-09)sunflower (1.26E-09) -lucerne (1.31E-09) -cereals (1.37E-09) -canola (1.62E-09)'.
Question: To what extent do they contribute to the climate change? What is the expected carbon footprint of cultivation technology (in the territorial approach: 1 ha)?
To illustrate the contribution to climate change, we highlighted the global warming potential (GWP 100 years) values (carbon footprint) from the CML2001 (Jan 2016) impact assessment. When the carbon footprint contribution of cultivation technologies is expressed in percentages, the following increasing technological ranking emerges in the territorial approach (1 ha): maize (15%) -sunflower (19%) -lucerne (20%) -cereals (21%) -canola (25%). With the same expressed in measurement units [kg CO 2 -equiv./ha], we obtained the following increasing technological ranking: maize (376 kg) -sunflower (467 kg) -lucerne (486 kg) -cereals (505 kg) -canola (597 kg).
We gained a largely coherent picture when examining the CO 2 equiv. [kg/ha] emission profile of the specific process steps (Figure 3-4) . Emission group 1: in the case of cereals, maize, sunflower, and canola, the emissions related to the process steps occurred in a larger extent during the preparation processes of the area and during the harvest. In contrast, the emissions and their images were smaller and balanced during the specific intermediate processes such as plant care and pesticide application. Emission group 2: We received a reversed image for lucerne when compared to the previous group. The emission values (calculated pro rata to 1 year) in the processes of preparation and harvest were smaller than the values derived during the specific intermediate processes (several mowing, rotation, windrowing, baling). The technological specificity of Lucerne could be the cause of this.
Emission group 1
Emission group 2 Figure 3-4. CO 2 equiv. emission profile of the process steps in the territorial approach (1 ha)
In Emission Group 1, the CO 2 equiv. [kg/ha] emissions ratio between soil preparation, harvest and intermediate processes is approx. 65-35%. In the Emission Group 2, this proportion was more balanced at approx. 55-45%.
In our models, the CO 2 equiv. [kg/ha] emissions were generally shared between the main operational and additional service steps versus road travel in the proportion of approx. 70-30%. It is interesting to compare the trend of the similarly examined CO 2 equiv. emissions to other agricultural land uses in the territorial approach. According to Polgár et al. (2018) , in harvest technologies of short rotation energy plantations (SREP) of willow/poplar in the 3rd year cutting age, the contribution to CO 2 equiv. emission of the field operations was approx. 20-30%, while that of the road travel (transport) processes was approx. 70-80%. In the 3 ha> poplar and in the 5-10 ha poplar or willow stands we found that 20-30% of fossil CO 2 equiv. emissions are caused by the work in the felling area, while 70-80% are due to the loading, transport, and unloading of wood. In the technology processes of the 20 ha< poplar stand the distribution is 50-50% ( Figure 5 ). Figure 5 . Contribution of processes in short rotation energy plantations to CO 2 equiv. emissions in fossil dimension of carbon footprint (Polgár et al. 2018) Expressed as physical indicators in the case of arable cultivated plants (344.5-544.06 kg) in the territorial approach, we observed approx. CO 2 equiv. emissions that were two-to-three times smaller than in the case of SREP (697-1870 kg) (note: CO 2 equiv. [kg/ha] emission is counted only from fuel usage; the CO 2 equiv. emissions inherent in producing these is not included) (Polgár et al. 2018) .
DISCUSSION AND CONCLUSION
Question: How do these technologies relate to other biomass producing systems?
We compared the values received in the examination of the cultivation technologies to the values typical for SREP displayed above. To obtain a nuanced interpretation of the results, we applied the quantitative approach in addition to the territorial approach. The figure below compare the global warming potential values (GWP 100 years) ( Figure 6 ). Acta Silv. Lign. Hung. 15 (2), 2019 Figure 6 . Global warming potential values (GWP 100 year) in territorial (1 ha) and quantitative (1 t) approach in the harvest operations systems of the examined cultivated plants and the short rotation energy plantings in the 3rd cutting age
The CO 2 equiv. emission profile analysis results were reflected in the territorial approach (1 ha). The analysis trends were valid in all additional impact categories; that is, they displayed 2-3 times smaller environmental impact values in cultivated plants than SREP.
Question: What is the expected carbon footprint of cultivation technology (in the quantitative approach, 1 t)?
When the carbon footprint contributions of cultivation technologies are expressed as percentages, we received the following increasing technological ranking in the quantitative approach (1 t): maize (8%) -cereals (11%) -lucerne (17%) -sunflower (28%) -canola (36%). With the same expressed in measurement units [kg CO 2 -equiv./ha], we received the following increasing technological ranking: maize (38.28 kg) -cereals (57.8 kg) -lucerne (89.05 kg) -sunflower (142.66 kg) -canola (182.53 kg).
We must emphasize that we achieved a more nuanced understanding in the territorial approach because cereals and maize presented almost equal, lucerne almost two times, sunflower almost three times, canola almost four times the carbon footprint values [kg CO 2equiv.] of the similar indicator of the SREP. This can be explained by the atmospheric emissions resulting from the larger quantities of fossil fuel produced and used in the quantitative approach (Table 3) . By comparing arable crop production values and SREP values, we highlight the experiences resulting from the quantitative approach (1 t) in a few significant impact categories below:
• Regarding the abiotic depletion (ADP fossil) category, the same trends were observable as those in the global warming potential (GWP 100 years) impact category in the comparison process • When comparing the acidification potential (AP) values of arable crop production with similar SREP values, we must note that cereals and maize show nearly 0.6-times, lucerne almost equal, sunflower nearly 1.5-times, and rapeseed nearly double the values of SREP. The reason could be the ammonia and NO x emissions from fertilisation. • Comparing the eutrophication potential (EP) values of arable crop production with the similar values of SREP, the values of cereals and maize are 0.33 times, the value of lucerne is almost 0.5 times, the value of sunflower is almost equal, and the value of canola is almost 1.5 times the values of the indicator of SREP. This can be due to differing rates of fertiliser and herbicide usage. • Comparing the freshwater aquatic ecotoxicity pot. (FAETP) values of arable crop production with the similar values of SREP, cereals and maize values are 0.75 times, the lucerne value is almost equal, the sunflower value is almost 1.5 times, and the canola value is almost double the indicator SREP values. The reason for this could be differing rates of lubricant, fertiliser, and herbicide usage. The research outcomes are only comparable with other LCA studies cases involving the same functional unit and system boundaries. A better understanding of environmental impacts can be improved by the extension of system boundaries and inventories, and the involvement of further primary and secondary processes.
